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IN THE SPECIFICATION : 

Please substitute the attached Substitute Specification and Abstract for the translation of 
this application. The Substitute Specification conforms to U.S. Practice and places the 
application in better English, 

IN THE CLAIMS : 

Cancel Claims 1 to 19. 

Add claims 20 to 38 as follows: 

20. (New) A waste gas cleaning system for removing harmful and/or toxic gases JSrom a 
gas stream, comprising: 

a reaction chamber having an inlet for receiving a gas stream to be treated and an outlet; 

a plasma source coupled to said reaction chamber for providing exitation energy to said 
chamber and form a plasma therein; and 

a hquid jet arranged at said reaction chamber outlet and generating negative pressure in 
said reaction chamber, said Uquid jet being arranged to draw treated gases out of said reaction 
chamber mixed with liquid from said Uquid jet. 

21. (New) A waste gas cleaning system as specified in claim 20 wherein said liquid jet 
has a larger cross-section than the cross-section of said outlet. 

22. (New) A waste gas cleaning system as specified in claim 20 wherein said liquid jet 
as arranged to generate negative pressure in the range of 30 nibar to atmospheric pressure. 

-2- 

NY02:369098,1 



FILE NO.A34873-PCT-USA-066340.0139 

PATENT 



23. (New) A waste gas cleaning system as specified in Claim 22, wherein said liquid jet 
pump is provided with a sorption medium. 

24. (New) A waste gas cleaning system as specified in Claim 23, wherein there is 
provided a recirculating system including said liquid jet for said sorption medium. 

25. (New) A waste gas cleaning system as specified in Claim 24, wherein said 
recirculating system is provided with a cooling system. 

26 (New) A waste gas cleaning system as specified in Claim 24 wherein said 
recirculating system includes a controllable circulation pump for controUing flow rate of the 
sorption medium. 

27. (New) A waste gas cleaning system as specified in Claim 26, wherein said 
circulation pump is a compressed air-driven diaphragm pump. 

28. (New) A waste gas cleaning system as specified in any of Claims 20 to 27 
wherein there is provided a secondary air inlet to said reaction chamber and wherein said 
secondary air inlet is controlled to control said negative pressure in said reaction chamber. 

29. (New) A waste gas cleaning system according to any of Claims 20 to 27 wherein 
there is provided at least one inlet for additional gases to at least one of said reaction chamber 
and said plasma source. 

30. (New) A waste gas cleaning system according to Claim 29 wherein said at least 
one inlet for additional gas is connected with a source for one of oxygen and hydrogen, 

-3- 
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31 (New). A waste gas cleaning system according to Claim 29, wherein said at least 
one inlet for additional gas is connected with a source for water vapor. 

32 (New). A waste gas cleaning system according to any of Claims 20 to 27 wherein 
said plasma source provides a non-thermal plasma. 

33. (New) A waste gas cleaning system according to any of Claims 20 to 27 wherein 
said plasma source has an excitation frequency in the microwave range. 

34. (New) A waste gas cleaning system according to Claim 33, wherein said plasma 
source has an excitation frequency of 2.45 GHz. 

35. (New) A waste gas cleaning system according to Claim 33 wherein said plasma 
source has a microwave power of up to 6 kW. 

36. (New) A waste gas cleaning system according to any of Claims 20 to 27 wherein 
a pH electrode is arranged at an outlet at the liquid jet pump and wherem said pH electrode is 
connected with a control for a metering pump for providing a metered addition of one of alkaline 
and acid solution into the liquid jet. 

37 (New). A waste gas cleaning system according to any of Claims 23 to 27 wherein 
said liquid jet is connected v^th a reservoir for the sorption medium and wherein a suction line 
connects said reservoir with an exhaust for the cleaned waste gas. 

38 (New). A waste gas cleaning system according to Claim 37, wherein said suction 
line includes at least one aerosol filter. 

-4- 
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REMARKS 



Applicants submit herewith a translation of the apphcation as filed and a proposed 
Substitute Specification and Abstract in compliance with U.S. Practice. 

Claims 1 to 19 are cancelled. Claims 20 to 38 conforming to U.S. practice are presented. 

A Declaration and Power of Attorney are submitted herewith. 

Attached herewith is a "Version with Markings to Show Changes Made. 




Respectfully submitted. 



Attorney for AppUcant 
(212) 408-2566 



Baker BottsLLP 
30 Rockefeller Plaza 
New York NY 10112 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

20. (New) A waste gas cleaning system for removing hamifiil and/or toxic gases from a 
gas stream, comprising: 

a reaction chamber having an inlet for receiving a gas stream to be treated and an outlet; 

a plasma source coupled to said reaction chamber for providing exitation energy to said 
chamber and forma plasma therein; and 

a Hquid jet arranged at said reaction chamber outlet and generating negative pressure in 
aid reaction chamber, said liquid jet being arranged to draw treated gases out of said reaction 
chamber mixed with hquid from said liquid jet. 

21. (New) A waste gas cleaning system as specified in claim 20 wherein said hquid jet 
has a larger cross-section than the cross-section of said outlet. 

22. (New) A waste gas cleaning system as specified in claim 20 wherein said Hquid jet 
as arranged to generate negative pressure in the range of 30 unbar to atmospheric pressure. 

23. (New) A waste gas cleaning system as specified in Claim 22, wherein said hquid jet 
pump is provided with a sorption medium. 

24. (New) A waste gas cleaning system as specified in Claim 23, wherein there is 
provided a recirculating system including said hquid jet for said sorption medium. 
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25. (New) A waste gas cleaning system as specified in Claim 24, wherein said 
recirculating system is provided with a cooling system. 

26 (New) A waste gas cleaning system as specified in Claim 24 wherein said 
recirculating system includes a controllable circulation pump for controlling flow rate of the 
sorption medium. 

27. (New) A waste gas cleaning system as specified in Claim 26, wherein said 
circulation pump is a compressed air-driven diaphragm pump. 

28. (New) A waste gas cleaning system as specified in any of Claims 20 to 27 
wherein there is provided a secondary air inlet to said reaction chamber and wherein said 
secondary air inlet is controlled to control said negative pressure in said reaction chamber. 

29. (New) A waste gas cleaning system according to any of Claims 20 to 27 wherein 
there is provided at least one inlet for additional gases to at least one of said reaction chamber 
and said plasma source. 

30. (New) A waste gas cleaning system according to Claim 29 wherein said at least 
one inlet for additional gas is connected with a source for one of oxygen and hydrogen. 

31 (New). A waste gas cleaning system according to Claim 29, wherein said at least 
one inlet for additional gas is connected with a source for water vapor. 

32 (New). A waste gas cleaning system according to any of Claims 20 to 27 wherein 
said plasma in the plasma source provides a non-thermal plasma. 
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33. (New) A waste gas cleaning system according to any of Claims 20 to 27 wherein 
said plasma source has an excitation frequency in the microwave range. 

34. (New) A waste gas cleaning system according to Claim 33, wherein said plasma 
source has an excitation frequency of 2.45 GHz. 

35. (New) A waste gas cleaning system according to Claim 33 wherein said plasma 
source has a microwave power of up to 6 kW. 

36. (New) A waste gas cleaning system according to any of Claims 20 to 27 wherein 
a pH electrode is arranged at an outlet at the liquid jet pump a pH electrode and wherein said pH 
electrode is connected with a control for a metering pump for providing a metered addition of 
one of alkaline and acid solution into the liquid jet. 

37 (New). A waste gas cleaning system according to any of Claims 23 to 27 wherein 
said liquid jet is connected with a reservoir for the sorption medium and wherein a suction line 
connects said reservoir with an exhaust for the cleaned waste gas. 

38 (New). A waste gas cleaning system according to Claim 37, wherein said suction 
line includes at least one aerosol filter. 
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BAKER BOTTS L.L.P. 



30 ROCKEFELLER PLAZA 



NEW YORK, NEW YORK 101 12 



TO ALL WHOM IT MAY CONCERN: 

Be it known that WE,LUTZ FABIAN, GUNTER KRODEL, DIETMAR RESCH and 
HORST STELZER , citizens of GERMANY, whose post office addresses are, Zschertnitzer 
Weg 8, D-01217, Dresden, Germany, Karl-Marx-Strasse 40, D-01109, Dresden, Germany, 
Ludwig-Kossuth-Strasse 25, D-01109, Dresden, Germany and Alexander-Herzen-Strasse 42, D- 
01109, Dresden, Germany, respectively, have invented an improvement in: 



[0001] The invention relates to a waste gas cleaning system for the disposal of 
enviroimientally harmful and/or toxic gases or vapors having a reaction chamber that is 
connected with a plasma source in which a plasma is formed by coupled excitation energy, 
where the reaction chamber and/or the plasma source has at least one inlet for the feed of gases 
or vapors and the reaction chamber has an outlet for the gases or vapors treated in the plasma 
source and/or in the reaction chamber. 



[0002] A variety of metiiods have been disclosed for cleaning environmentally harmful and/or 
toxic gases or v^ors, such as for example waste gases coming firom semiconductor 
manufacturing processes such as CVD, LP-CVD, plasma-CVD, plasma etching or similar 
processes. In the great majority of cases, methods in which the gases or vapors are burned 
and/or thermally decomposed are used. The thermally treated gases or vapors are then passed 




WASTE GAS CLEANING SYSTEM 



of which the following is a 



SUBSTITUTE SPECIFICATION 



BACKGROUND OF INVENTION 
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through a scrubber in which the sohd and/or soluble reaction products are scrubbed out of the 
waste gases by means of a sorption medium. 

[0003] Such a device for cleaning waste gases has been disclosed in WO 96/23173. This 
device contains a combustion chamber in which is arranged a burner and to which are fed 
bumable gas, oxygen or air and the process waste gas to be decomposed. Above the combustion 
chamber is located a scrubbing chamber with a spray nozzle for spraying the sorption medium. 
There the combustion chamber is located within an outer pipe and is limited by an inner pipe, the 
outer pipe also surrounding the scrubbing chamber that is located above the combustion 
chamber. 

[0004] The reaction products produced in the combustion chamber are passed between the 
inner and the outer pipes into the scrubbing chamber and from there via an exhaust into the 
ambient air. 

[0005] A wide variety of gases, such as for example, SiH4, PH3, BiH^, TEOS 
(tetraethoxysilane) from CVD processes, C2F6, CF4, CH3F, CI2, BCI3 from dry etching processes 
and from other processes, can be disposed of with great effectiveness by such a waste gas 
cleaning system. A requirement is that in each instance, the parameters of the waste gas cleaning 
system be adapted to the type and quantity of the gases or vapors to be cleaned, so as to ensure 
that combustion or thermal decomposition takes place under excess oxygen. 

[0006] In such waste gas cleaning systems, the relatively high operating costs and great 
consumption of media are disadvantageous. Also disadvantageous is that many different media 
(bumable gases, oxygen) are required and that fairly high installation costs are to be expected. In 
addition, the use of bumable gases requires special care. 
NY02:368907.1 -2- 
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[0007] In order to avoid these problems, it has been attempted to make use of low-pressure 
plasmas for waste gas disposal, such as, for example in 

EP-A-0,821 995, the use of a hollow cathode discharge has been proposed. There the 
disadvantage is that intervention in the vacuum system of the coating or etching system cannot 
be avoided, so that waste gas disposal may negatively influence the preceding semiconductor 
process. If this is to be avoided, an additional high-cost vacuum system and possibly a buffer 
chamber for the temporary storage of process waste gases would have to be provided. 

[0008] The use of a plasma source that can work under atmospheric pressure would be more 
favorable. Such plasma sources are operated at an excitation frequency in the microwave range 
and are capable of generating a non-thermal (cold) plasma. 

[0009] The use of such a plasma for the disposal of environmentally harmful or toxic 
compounds has already been proposed. 

[0010] In this connection, the fact that the plasmas generated often become constricted is to be 
regarded as disadvantageous. In addition, the plasma volume obtainable is limited by screening 
effects. As a result, the quantity of disposable waste gas is also limited, so that the quantities of 
waste gas obtainable in conventional combination systems (burning/thermal decomposition and 
subsequent scrubbing) caimot be obtained. Therefore particular attention has to be paid to the 
generation of plasma, in order to avoid the disadvantageous effects Usted above. However, even 
in the most careful design of the plasma source, it is necessary to reduce the pressure in the 
reaction chamber for ignition of the plasma to some 10 mbar. In addition, the fact that when 
working under normal pressure the most favorable plasma parameters for conversion of the gases 
or vapors are not always adjustable proves to be disadvantageous. Additionally, a scrubber is 
NY02:368907.1 -3- 



FILE NO. A34873-PCT-USA-066340.0139 

required to remove the harmful substances remaining in the plasma after conversion of the waste 
gas. 

[0011] Therefore, the object of the invention is to provide a waste gas cleaning system in 
which use of a plasma source working even at atmospheric pressure permits effective and low- 
cost disposal of environmentally harmful or toxic gases or vapors. 

SUMMARY OF THE INVENTION 

[0012] The problem on which the invention is based is solved by a waste gas cleaning system 
of the type mentioned at the beginning in that the outlet of the reaction chamber is connected 
with a liquid jet, in that the hquid jet pump generates a negative pressure in the reaction chamber 
and in the plasma source, and in that the waste gases treated in the plasma or by excited particles 
are carried out of the reaction chamber together with the liquid carried through the pump, 
intermixed with the latter. 

[0013] A negative pressure in the range of atmospheric pressure down to < 100 mbar can be 
generated in the reaction chamber by use according to the invention of a liquid jet pump. At the 
same time, the harmful solid, gaseous and liquid substances still foimd in the waste gas stream 
after passage through the plasma are scrubbed out by the liquid jet. 

[0014] Owing to the possibility of being able to vary the pressure in the reaction chamber over 
a broad range, the plasma may be ignited at low pressure, and the plasma conditions may be 
adapted so that decomposition of the gases or vapors to harmless waste gases is effected as fully 
as possible. In general, a reduction in pressure leads to an increase in plasma volume, but, on the 
other hand, the volume of waste gas is increased so that residence time is reduced. 
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[0015] Care should be taken to see that a plasma source is used that, owing to its structural 
features, is able to form as homogeneous as possible a large-volume plasma in the required 
pressure range and one that can be used in continuous operation. The waste gas to be treated can 
be conducted directly through the plasma of the plasma source or fed immediately behind the 
plasma source into the reaction chamber and treated by the particles excited in the plasma in the 
so-called remote plasma. 

[0016] In development of the invention, the suction port of the liquid jet has a large cross 
section in order, on the one hand, to generate the required pumping capacity and, on the other, to 
prevent obstructions by sohd constituents of the waste gas. This also results in especially 
thorough mixing of the hquid conducted through the liquid pump with the waste gas flowing out 
of the reaction chamber. 

[0017] The negative pressure generated in the reaction chamber by the liquid jet lies in the 
range of < 30 mbar to atmospheric pressure. 

[0018] In order to prevent progressive heating of the Uquid in the Uquid circuit, a cooling 
system is used. As a result, the necessary negative pressure that is required, for example for 
ignition of the plasma, can always be generated by the jet pimip in the plasma source and in the 
reaction chamber. 

[0019] In an additional embodiment of the invention, the liquid jet is operated with a sorption 
medium, where the Uquid jet is a part of a recirculating system for the sorption medium. In this 
way, media costs may be substantially reduced and the effectiveness of disposal increased. 
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[0020] The recirculating system additionally may have a controllable circulation pump for 
controlling delivery of the sorption agent, so that the negative pressure generated by the liquid jet 
can be controlled by controlling delivery of the sorption medium. 

[0021] The circulation pump preferably is designed as a compressed air-driven diaphragm 
pump, since, on the one hand, large flow rate can be obtained and, on the other, long service life 
can be guaranteed. 

[0022] Another possibility for the control of negative pressure consists in that secondary air 
can be drawn in at the inlet of the liquid jet and control of negative pressure can be effected by 
controlling the quantity of secondary air, 

[0023] In an additional development of the invention, the reaction chamber and/or the plasma 
source may be provided with at least one feed for additional gases. Such additional gases may be 
oxygen and/or hydrogen, or water vapor, but alternatively other gases. An increase in the 
effectiveness of disposal can be obtained with these additional gases. 

[0024] Plasma sources that work in the microwave range are preferred, since at relatively high 
pressures near atmospheric pressure, a non-equilibrium plasma (nonthermal plasma) can be 
generated on the basis of the very high excitation frequency of for example 2.45 GHz and the 
associated high field densities, where microwave power is at a level, for example, of 6 kW. 

[0025] By non-equilibrium plasma is meant that a number of highly reactive or high-energy 
particles exist without the average temperature of the waste gas being excessively high. In this 
way, undesirable reactions, such as for example the formation of nitrogen oxides, are reduced. 
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[0026] Although it is sufficient to operate the Hquid jet with clean water as sorption medium, it 
may in some cases be advisable to add certain substances in order to improve the effectiveness of 
scrubbing. For this reason, in an additional development of the invention there is provided after 
the jet pump a pH electrode, which is connected with a control that drives a metering pump for 
the metered addition of alkaline or acid solution into the liquid circuit. Thus, metered addition of 
a basic sorption medium is advantageous when for example acid gases (HF, HCl) are to be 
scrubbed. 

[0027] An additional embodiment of the invention is characterized in that the Hquid jet is 
connected with a reservoir for the sorption hquid and in that a suction line connects the reservoir 
with an exhaust for the cleaned waste gas. 

[0028] It is additionally of advantage when at least one aerosol filter that retains solid and/or 
liquid aerosols in the waste gas is arranged in the exhaust line. 

[0029] For a better understanding of the invention, together with other and further objects, 
reference is made to the following description, taken in conjunction with the accompanying 
drawings and its scope will be pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] The drawing represents a system in accordance with the present invention. 

DESCRIPTION OF THE INVENTION 

[0031] The waste gas cleaning system consists of a reaction chamber 1, arranged vertically, 
and is connected at its upper end with a plasma source 2, Plasma source 2 is arranged so that 
NY02:368907.1 -7- 
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excited particles in the plasma source can be fed into the reaction chamber A microwave source 
that works at a frequency of 2.45 GHz and is designed for a power of up to 6 kW is a possible 
plasma source 2. 

[0032] The reaction chamber 1 in addition has at its upper end one or more inlets 4 for process 
gases or vapors to be disposed of, for example, process waste gases from semiconductor 
manufacturing processes, as well as one or more side inlets 5 for additional gas. Oxygen, 
hydrogen and water vapor, or a combination thereof, are possible additional gases. When the 
process gases or vapors and the additional gas are to be fed directly into the plasma source 2, the 
plasma source 2 should hkewise be provided with one or more inlets 4' for the process gases or 
vapors and one or more inlets 5' for additional gas. 

[0033] The lower end of the reaction chamber 1 is provided with an outlet 17, which is 
connected with the suction port 21 of a liquid jet 3. The liquid jet 3 is part of a recirculating 
system in which is arranged a circulation pump 6. The circulation pump 6 preferably is designed 
as a compressed air-driven diaphragm pump that draws the liquid used as sorption medium for 
the liquid, solid or soluble constituents of the waste gas from a reservofr 7 and delivers it to the 
jet pump 3. 

[0034] The pump 3 has the function of generating, in the reaction chamber 1 and in the plasma 
source 2, a negative pressure of some 10 mbar for ignition of the plasma and maintaining a 
negative pressure during treatment of the waste gas and, in addition, the task of pumping the 
waste gas treated in the plasma out of the reaction chamber 1. The magnitude of the negative 
pressure generated by the hquid jet 3 depends, on the one hand, on the size of the pump and, on 
the other, on the quantity of the gases fed in, the quantity of hquid pumped and the temperature 
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of the liquid (vapor pressure). For this reason, it is advantageous to provide cooUng of the liquid 
or the sorption medium in the liquid circuit. For this purpose, the reservoir 7 may be provided 
with a cooling system 20. 

[0035] The pressure in the reaction chamber 1 is measured by a pressure sensor 8, whose 
electrical signal controls the circulation pump 6 via a control 9 so that the pressure in the reaction 
chamber 1 is controlled to an optimal value. A second possibility for pressure control consists in 
coupling the control 9 with a throttle valve 19 in a secondary air inlet 18, and adjusting the 

pressure to optimal values via the quantity of secondary air drawn in. 

[0036] The sorption medium makes intensive contact in the liquid jet pump 3 with the waste 
gas that has already passed through the plasma, thereby removing solid and soluble constituents 
from the waste gas, and flows from the jet pump 3 back into the reservoir 7. 

[0037] Located in this return flow is a pH electrode 10, which measures the pH of the sorption 
liquid flowing past and via a control 1 1 controls a metering pump 12 by means of which alkaline 
or acid solution may be metered into the liquid circuit in order to keep the pH within a specified 
range. 

[0038] The waste gas converted in the plasma in the reaction chamber 1 and treated in the 
liquid jet pump 3 with the sorption medium leaves the reservoir 7 via a suction line 13, which is 
connected with an exhaust. 

[0039] One or more aerosol filters 14, which retain solid and/or liquid aerosols, are 
accommodated in the suction line 13. These aerosol filters 14 may be cleaned continuously or 
discontinuously by water and/or sorption medium injected via one or more spray nozzles 15. 



NY02:368907.1 



-9- 



FILE NO. A34873-PCT-USA-066340,0139 

This water and/or sorption medium flows back into the reservoir 7, so that the quantity of 
sorption medium in the Uquid circuit is steadily increased. 

[0040] In order to avoid overflow, at the floor of the reservoir 7 the consumed sorption 
medium is drawn off together with solid particles by means of a pump 16. 

[0041] A high degree of cleaning effectiveness for fluorocarbon compounds as well as other 
usual gases found in semiconductor mmufacture, such as for example SiHU, PH3, NF3 and NH3, 
is obtained with the waste gas cleaning system described when it is operated in the pressure 
range of about 700 to 1000 mbar md a microwave power of up to about 6 kW. Water vapor, but 
altematively oxygen and hydrogen, are fed in as additional gases. Caustic potash solution is 
used for neutralization of the acid gases (HF) produced in conversion of fluorocarbon 
compoimds or NF. 
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ABSTRACT 

[0042] The invention relates to an emission control system for removing environmentally 
haraiful and/or toxic gases or vapors, comprising a reaction chamber which is connected to a 
plasma source, whereby plasma is formed in said reaction chamber by injecting excitation 
energy, and the reaction chamber and/or the plasma source has at least one inlet for the 
introduction of gases or vapors and one outlet for the gases or vapors which are treated in the 
plasma source and/or reaction chamber. According to the invention, the outlet of the reaction 
chamber is connected to a liquid jet pump which produces a low pressure in the reaction chamber 
JjJ and in the plasma source. The waste gases with the plasma or the waste gases which are treated 
ill by excited particles are jointly conducted along with the hquid which is circulated through the 
liquid jet pump, mixed therewith and discharged from said reaction chamber. 

i\ 
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[Translation from German] 



WO 00/77452 PCT/DEOO/01576 

Waste gag clean mg system 

The invention relates to a waste gas cleaning system for the disposal of 
environmentally harmful and/or toxic gases or vapors having a reaction chamber 
that is connected with a plasma source in which a plasma is fomried by coupled 
excitation energy, where the reaction chamber and/or the plasma source has at 
least one inlet for the feed of gases or vapors and the reaction chamber has an 
outlet for the gases or vapors treated in the plasma source and/or in the reaction 
chamber. 

A variety of methods have been disclosed for cleaning environmentally 
harmful and/or toxic gases or vapors, such as for example waste gases coming 
from semiconductor manufacturing processes such as CVD, LP-CVD, plasma- 
CVD, plasma etching or similar processes. In the great majority of cases, 
methods in which the gases or vapors are burned and/or thermally decomposed 
are used. The thermally treated gases or vapors are then passed through a 
scrubber in which the solid and/or soluble reaction products are scrubbed out of 
the waste gases by means of a sorption medium. 
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Such a device for cleaning waste gases has been disclosed in WO 
96/23173. This device contains a combustion chamber in which is arranged a 
burner and to which are fed burnable gas, oxygen or air and the process waste 
gas to be decomposed. Above the combustion chamber is located a scrubbing 
chamber with a spray nozzle for spraying the sorption medium. There the 
combustion chamber is located within an outer pipe and is limited by an inner 
pipe, the outer pipe also surrounding the scrubbing chamber that is located 
above the combustion chamber. 

The reaction products produced in the combustion chamber are passed 
between the inner and the outer pipes into the scrubbing chamber and from there 
via an exhaust into the ambient air. 

A wide variety of gases, such as for example, SiH4, PH3, B2H6, TEOS 
(tetraethoxysilane) from CVD processes, C2F6, CF4, CH3F, CI2, BCI3 from dry 
etching processes and from other processes, can be disposed of with great 
effectiveness by such a waste gas cleaning system. A requirement is that in 
each instance, the parameters of the waste gas cleaning system be adapted to 
the type and quantity of the gases or vapors to be cleaned, so as to ensure that 
combustion or thermal decomposition takes place under excess oxygen. 

In such waste gas cleaning systems, the relatively high operating costs 
and great consumption of media are disadvantageous. Also disadvantageous is 
that many different media (burnable gases, oxygen) are required and that fairly 
high installation costs are to be expected. In addition, the use of burnable gases 
requires special care. 
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In order to avoid these problems, it has been attempted to make use of 
low-pressure plasmas for waste gas disposal, such as, for example in 
EP-A-0,821 995, the use of a hollow cathode discharge has been proposed. 
There the disadvantage is that intervention in the vacuum system of the coating 
or etching system cannot be avoided, so that waste gas disposal may negatively 
influence the preceding semiconductor process. If this is to be avoided, an 
additional high-cost vacuum system and possibly a buffer chamber for the 
temporary storage of process waste gases would have to be provided. 

The use of a plasma source that can work under atmospheric pressure 
would be more favorable. Such plasma sources are operated at an excitation 
frequency in the microwave range and are capable of generating a non-thermal 
(cold) plasma. 

.A The use of such a plasma for the disposal of environmentally harmful or ^ 
toxic compounds has already been proposed. 

In this connection, the fact that the plasmas generated often become 
constricted is to be regarded as disadvantageous. In addition, the plasma 
volume obtainable is limited by screening effects. As a result, the quantity of 
disposable waste gas is also limited, so that the quantities of waste gas 
obtainable in conventional combination systems (burning/thermal decomposition 
and subsequent scrubbing) cannot be obtained. Therefore particular attention 
has to be paid to the generation of plasma, in order to avoid the disadvantageous 
effects listed above. However, even in the most careful design of the plasma 
source, it is necessary to reduce the pressure in the reaction chamber for ignition 



NY02:364226.13 



of the plasma to some 10 mbar. In addition, the fact that when working under 
normal pressure the most favorable plasma parameters for conversion of the 
gases or vapors are not always adjustable proves to be disadvantageous. 
Additionally, a scrubber is required to remove the harmful substances remaining 
in the plasma after conversion of the waste gas. 

Therefore, the object of the invention is to procure a waste gas cleaning 
system in which use of a plasma source working even at atmospheric pressure 
permits effective and low-cost disposal of environmentally harmful or toxic gases 
or vapors. 

The problem on which the invention is based is solved by a waste gas 
cleaning system of the type mentioned at the beginning in that the outlet of the 
reaction chamber is connected with a liquid jet pump, in that the liquid jet pump 
generates a negative pressure in the reaction chamber and in the plasma source 
and in that the waste gases treated in the plasma or by excited particles are 
carried out of the reaction chamber together with the liquid carried through the 
pump, intermixed with the latter. 

A negative pressure in the range of atmospheric pressure down to < 100 
mbar can be generated in the reaction chamber by use according to the invention 
of the liquid jet pump. At the same time, the harmful solid, gaseous and liquid 
substances still found in the waste gas stream after passage through the plasma 
are scrubbed out by the jet pump. 

Owing to the possibility of being able to vary the pressure in the reaction 
chamber over a broad range, the plasma may be ignited at low pressure, and the 
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plasma conditions nnay be adapted so that decomposition of the gases or vapors 
to harmless waste gases is effected as fully as possible. In general, a reduction 
in pressure leads to an increase in plasma volume, but, on the other hand, the 
volume of waste gas is increased so that residence time is reduced. 

Care should be taken to see that a plasma source is used that, owing to 
its structural features, is able to form as homogeneous as possible a large- 
volume plasma in the required pressure range and one that can be used in 
continuous operation. Then the waste gas to be treated can be conducted 
directly through the plasma of the plasma source or fed immediately behind the 
plasma source into the reaction chamber and treated by the particles excited in 
the plasma in the so-called remote plasma. 

In development of the invention, the suction port of the liquid jet pump has 
a great cross section in order, on the one hand, to generate the required 
pumping capacity and, on the other, to prevent obstructions by solid constituents 
of the waste gas. This also results in especially thorough mixing of the liquid 
conducted through the jet pump with the waste gas flowing out of the reaction 
chamber. 

The negative pressure generated in the reaction chamber by the liquid jet 
pump lies in the range of < 30 mbar to atmospheric pressure. 

In order to prevent progressive heating of the liquid in the liquid circuit, a 
cooling means is used. Thus, the necessary negative pressure that is required, 
for example for ignition of the plasma, can always be generated by the jet pump 
in the plasma source and in the reaction chamber. 
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In an additional embodiment of the invention, the liquid jet pump is 
operated with a sorption medium, where the jet pump is a part of a liquid circuit 
for the sorption medium. In this way, media costs may be substantially reduced 
and the effectiveness of disposal increased. 

The liquid circuit additionally has a controllable circulation pump for 
controlling delivery of the sorption agent, so that the negative pressure generated 
by the jet pump can be controlled by controlling delivery of the sorption medium. 

The circulation pump preferably is designed as a compressed air-driven 
diaphragm pump, since, on the one hand, great delivery can be obtained and, on 
the other, long service life can be guaranteed. 

Another possibility for the control of negative pressure consists in that 
secondary air is drawn in at the inlet of the jet pump and control of negative 
pressure is effected by controlling4he quantity of secondar^^^^^ 

In an additional development of the invention, the reaction chamber and/or 
the plasma source is provided with at least one feed for additional gases. Such 
additional gases may be oxygen and/or hydrogen, water vapor, but alternatively 
other gases. An increase in the effectiveness of disposal can be obtained with 
these additional gases. 

Plasma sources that work in the microwave range are preferred, since 
here at relatively high pressures near normal pressure, a non-equilibrium plasma 
(nonthermal plasma) can be generated on the basis of the very high excitation 
frequency of for example 2.45 GHz and the associated high field densities, where 
microwave power lies for example at a maximum of 6 kW. 
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By non-equilibrium plasma is meant that a number of highly reactive or 
high-energy particles exist without the average temperature of the waste gas 
being excessively high. In this way, undesirable reactions, such as for example 
the formation of nitrogen oxides, are reduced. 

Although it is sufficient to operate the liquid jet pump with clean water as 
sorption medium, it may in some cases be advisable to add certain substances in 
order to improve the effectiveness of scrubbing. For this reason, in an additional 
development of the invention there is provided in the liquid circuit after the jet 
pump a pH electrode, which is connected with a control that drives a metering 
pump for the metered addition of alkaline pr acid solution into the liquid circuit. 
Thus, metered addition of a basic sorption medium is advantageous when for 
example acid gases (HF, HCI) are to be scrubbed. 

An additionalembodiment of the^invention is characterized in that the 
liquid jet pump and the liquid circuit are connected with a reservoir for the 
sorption liquid and in that a suction line that is connected with an exhaust for the 
cleaned waste gas is joined to the reservoir. 

It is additionally of advantage when at least one aerosol filter that retains 
solid and/or liquid aerosols in the waste gas is arranged in the exhaust line. 

The invention will be explained in detail below by an example. A practical 
embodiment of a waste gas cleaning system according to the invention is 
represented schematically in the accompanying drawing. 

The waste gas cleaning system consists of a reaction chamber 1, 
arranged vertically, which at its upper end is connected with a plasma source 2. 
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There this plasma source 2 is arranged so that excited particles in the plasma 
source can be fed into the reaction chamber. A microwave source that works at 
a frequency of 2.45 GHz and is designed for a power of up to 6 kW is a possible 
plasma source 2. 

The reaction chamber 1 in addition has at its upper end one or more inlets 

4 for the gases or vapors to be disposed of, for example, process waste gases 
from semiconductor manufacturing processes, as well as one or more side inlets 

5 for additional gas. Oxygen and/or hydrogen and water vapor are possible 
additional gases. When the gases or vapors and the additional gas are to be fed 
directly into the plasma source, the latter should likewise be provided with one or 
more inlets 4' for the gases or vapors and one or more inlets 5* for additional gas. 

The lower end of the reaction chamber 1 is provided with an outlet 17, 
which is connected with theisuction port a liquid jet pump 3, The jet pump 
3 is part of a liquid circuit in which is arranged a circulation pump 6. The 
circulation pump 6 preferably is designed as a compressed air-driven diaphragm 
pump that draws the liquid used as sorption medium for the liquid, solid or 
soluble constituents of the waste gas from a reservoir 7 and delivers it to the jet 
pump 3. 

The pump 3 has the function of generating, in the reaction chamber 1 and 
in the plasma source 2, a negative pressure of some 1 0 mbar for ignition of the 
plasma and maintaining a negative pressure during treatment of the waste gas 
and, in addition, the task of pumping the waste gas treated in the plasma out of 
the reaction chamber 1 . The magnitude of the negative pressure generated by 
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the jet pump 3 depends, on the one hand, on the size of the pump and, on the 
other, on the quantity of the gases fed in, the quantity of liquid pumped and the 
temperature of the liquid (vapor pressure). For this reason, it is advantageous to 
provide cooling of the liquid or the sorption medium in the liquid circuit. For this 
purpose, the reservoir 7 may be provided with a cooling means 20. 

The pressure in the reaction chamber 1 is measured by a pressure sensor 
8, whose electrical signal controls the circulation pump 6 via a control 9 so that 
the pressure in the reaction chamber is controlled to an optimal value. A second 
possibility for pressure control consists in coupling the control 9 with a throttle 
valve 19 and adjusting the pressure to optimal values via the quantity of 
secondary air drawn in. 

The sorption medium makes intensive contact in the liquid jet pump 3 with 
the waste gas that has already passed through the plasma, thereby removing 
solid and soluble constituents from the waste gas, and flows from the jet pump 3 
back into the reservoir 7. 

Located in this retum flow is a pH electrode 10, which measures the pH of 
the sorption liquid flowing past and via a control 11 controls a metering pump 12 
by means of which alkaline or acid solution may be metered into the liquid circuit 
in order to keep the pH at a specified value. 

The waste gas converted in the plasma in the reaction chamber 1 and 
treated in the liquid jet pump 3 with the sorption medium leaves the reservoir 7 
via a suction line 13, which is connected with an exhaust, not represented. 
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One or more aerosol filters 14, which retain solid and/or liquid aerosols, 
are accommodated in the suction line 13. These aerosol filters 14 may be 
cleaned continuously or discontinuously by water and/or sorption medium 
injected via one or more spray nozzles 15. This water and/or sorption medium 
flows back into the reservoir 7, so that the quantity of sorption medium in the 
liquid circuit is steadily increased. 

In order to avoid overflow, at the floor of the reservoir 7 the consumed 
sorption medium Is drawn off together with solid particles by means of a pump 
16. 

A high degree of cleaning effectiveness for fluorocarbon compounds as 
well as for the other usual gases found in semiconductor manufacture, such as 
for example SiH4, PH3, NF3 and NH3, is obtained with the waste gas cleaning 
system described when it is operated in the pressure range of about 700 to 1000 
mbar and a microwave power of up to about 6 kW. Water vapor, but alternatively 
oxygen and hydrogen, are fed in as additional gases. Caustic potash solution is 
used for neutralization of the acid gases (HF) produced in conversion of 
fluorocarbon compounds or NF. 
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Waste gas cleaning system 

List of reference numerals 



1 Reaction chamber 

2 Plasma source 

3 Liquid jet pump 



4, 4' Inlet for gases or vapors 
5, 5' Inlet for additional gas 





6 


Circulation pump 




7 


Reservoir 




8 


Pressure sensor 




9 


Control 




10 


pH electrode 




11 


Control 


if 


12 


Metering pump 




13 


Suction line 




14 


Aerosol filters 




15 


Spray nozzle 




16 


Pump 




17 


Outlet 




18 


Inlet for secondary air 




19 


Throttle valve 




20 


Cooling means 




21 


Suction port 
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Waste gas cleaning system 



Claims 



1 . Waste gas cleaning system for the disposal of environmentally 
harmful and/or toxic gases or vapors, having a reaction chamber that is 
connected with a plasma source in which a plasma is formed by coupled 
excitation energy, where the reaction chamber and/or the plasma source has at 
least one inlet for the feed of gases or vapors and an outlet for the gases or 
vapors treated in the plasma source and/or in the reaction chamber, 
characterized in that the outlet (17) of the reaction chamber (1) is connected 
with a liquid jet pump (3), in that the liquid jet pump (3) generates a negative ; 
pressure in the reaction chamber (1) and in the plasma source (2) and in that the 
gases or vapors treated in the plasma or by excited particles are carried out of 
the reaction chamber (1) together with the liquid carried through the jet pump (3), 
intermixed with the latter. 

2. Waste gas cleaning system according to Claim 1, characterized in 
that the liquid jet pump (3) has a great cross section of the suction port (21). 

3. Waste gas cleaning system according to Claims 1 and 2, 
characterized in that the negative pressure generated by the liquid jet pump (3) 
in the reaction chamber (1) and in the plasma source (2) lies in the range of < 30 
mbar to atmospheric pressure. 
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4. Waste gas cleaning system according to Claim 3, characterized in 
tliatthe liquid jet pump (3) is operated with a sorption medium. 

5. Waste gas cleaning system according to Claim 4, characterized in 
that the liquid jet pump (3) is part of a liquid circuit for the sorption medium. 

6. Waste gas cleaning system according to Claim 5, characterized in 
that the liquid circuit is cooled. 

7. Waste gas cleaning system according to Claim 5 or 6, character- 
ized in that the liquid circuit has a controllable circulation pump (6) for controlling 
delivery of the sorption medium. 

8. Waste gas cleaning system according to Claim 7, characterized in 
that the circulation pump (6) is designed as a compressed air-driven diaphragm 
pump. 

9. Waste gas cleaning system according to any of Claims 1 to 8, 
characterized In that control of negative pressure in the combustion chamber is 
effected by the metered feed of secondary air. 

10. Waste gas cleaning system according to any of Claims 1 to 9, 
characterized In that the reaction chamber (1) and/or the plasma source (2) is 
provided with at least one inlet (5, 5') for additional gases. 

1 1 . Waste gas cleaning system according to Claim 1 0, characterized 
in that the inlet (5, 5') for additional gas is connected with a source for oxygen 
and/or hydrogen. 

12. Waste gas cleaning system according to Claim 10, characterized in 
that the inlet (5, 5') for additional gas is connected with a source for water vapor. 
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13. Waste gas cleaning system according to any of Claims 1 to 12, 
characterized in that the plasma in the plasma source (2) and in the reaction 
chamber (1) is designed as non-thermal plasma. 

14. Waste gas cleaning system according to any of Claims 1 to 13, 
characterized in that the excitation frequency of the plasma lies in the 
microwave range. 

15. Waste gas cleaning system according to Claim 14, characterized 
in that the excitation frequency of the plasma lies at 2.45 GHz. 

16. Waste gas cleaning system according to Claims 1 1 to 13, 
characterized in that the microwave power of the plasma source is up to 6 kW. 

17. Waste gas cleaning system according to any of Claims 1 to 16, 
characterized in that there is arranged in the liquid circuit after the liquid jet 
pump (3) a pH electrode (10), which is connected with a control (11) that drives a 
metering pump (12) for the metered addition of alkaline or acid solution into the 
liquid circuit. 

18. Waste gas cleaning system according to any of Claims 1 to 17, 
characterized in that the liquid jet pump (3) and the liquid circuit are connected 
with a reservoir (7) for the sorption liquid and in that a suction line (13) that is 
connected with an exhaust for the cleaned waste gas is joined to the reservoir 
(7). 

19. Waste gas cleaning system according to Claim 18, characterized 
in that at least one aerosol filter (14) is arranged in the suction line (13). 
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= (54) Title: EVUSSION CONTROL SYSTEM 
^ (54) Bezeichnung: ABGASREINIGUNGSSYSTEM 



(57) Abstract: The invention relates to an emission control system 
for removing environmentafly harmful and/or toxic gases or v^rs, 
coursing a reaction chamber (1) which is connected to a plasma 
source (2), whereby plasma is formed in said reaction (^laniber (1) 
by injecting ^citation ^leigy, and the reaction chamber (1) doaA/oc 
the plasma source (2) has at least one inlet (4) for die introduction of 
gases or vapors and one outlet for the gases or vapors which are treated 
in the plasma source (2) and/or reaction chamber (1). According to 
the invention, die outiet (17) of the reaction chamber (1) is connected 
to a liquid jet pump (3) which produces a low pressure in the reaction 
chamber (1) and in the plasma source (2). The waste gases with the 
plasma or the waste gases which are treated by excited particles are 
jointly conducted along with the liquid which is circulated through 
die liquid jet pump (3), mixed dierewilh and discharged ftom said re- 
action chamber (1). 

(57) Zusammenfassung: Die Erfindung betrifil ein Abgasrei- 
nigungssystem zur Entsorgung von xunweltschadlichen und/oder 
toxischen Gasen oder Dampfen, mit einem Reaktionsraum (1), 
der mit eijier PlasmaqueUe (2) verbunden ist und bei dem im 
Reaktionsraum (1) durch eingekoppelte Anregungsenergie ein 
Plasma ausgebildet ist, wobei der Reaktionsraum (1) und/oder die 
Piasmaquelle (2) mlndestens einen emgang (4) for die Einspeisung 
der Gase oder Dampfe und einen Auslass (17) fiir die in der 
Piasmaquelle und/oder im Reaktionsraum (1) behandelten Gase oder 
Dampfe aufweist. Erfindungsgemass ist der Auslass (17) des Reaktionsraumes (1) mit einer RiissigkeitsstraMpumpe (3) verbunden, 
die im Reaktionsraum (1) und in der PlasmaqueUe (2) einen Unterdruck erzeugt. Die Abgase mit dem Plasma oder durch angeregte 
teilchen behandelten Abgase werden gemeinsam mit der diu-ch die Fliissigkeitsstrahlpumpe (3) geleiteten Fliissigkeit und mit 
dieser venxdscht aus dem Reaktionsraum (1) geleitet 
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art! amendod on (MMVao/yyTY) 



(ifapplicabis). 



F hweby etete that r have revrefihr«d «nd underhand the contenis of the afaoy© ldfimifl«d »p9Ciricat?0A, irtdudma ih« eTeine. as 
amended by any amendmsnt spaclflcaily raf^rr^d to above. 

■ ^SlP*^^**^^"^*^.^^^^^^*^**"**'^**'^^ rnSr CFR 1.56. fncTvdfngforcorrtinyBlfClV 



PCT mtgmalionaf fling da^ of — - 



I hereby '^^^^^Si^^''^^^^. ''"^L^li^ U.S.C. t TSWd) or (f). or 36S(b} of any forefgn apptea6oft(«) fer p«topi. invarrforte 
£»«Sl£rpn^^5p^^ cotfcBiB(s), Of eny PCT l^ewgdongl ap^on having a nifng d3W 6«fore thM of the 



inAppll( 
ibwf>l 



Ccunby 



Foreign Rting Dale 
(MM/PP/VYYY)_ 



06/16/1999 



Priarfty 
WotClalmtd 



□ 
□ 
□ 
□ 



C^rSffad Copy Auichsd? 
YgS WO 



□ 
□ 
□ 
□ 



□ Adtflflonat foreign appircaoon numb^ gre listed On a sopplomonfai priority d^ gheat PnysaoaB tfaohed hereto: 



□ 
□ 
□ 



19/04 '02 FR 10: ai FAX 0351 8925 624 CENTROTHERM DRESDEN 

]8.APr- 2002 1 4:54 LlPPEi^T.SrACHOl^/.SCHt^IOT&PAKniER 



Nr J070 S. 6/12 



(iO08 



BAKERBOnS 



ILIf 



DECLARATION — Utility or Design Patent Application 



Claim for Benefit of Prior VS, FroviAional Applicatldti(s) 
I hereby claim toe benefit imder Title 35, United Stales 0)de, § H^e) of any United 
provisional aprplicatton(9) listed below: 





Filing P«i« 






























/ 













■Ms 



^0 

III 



aaim for Benefit of Earlier VJSJKI Appticafloa(s) under 35 U.S.C 120 

(complete this pan only if this is a divisional, continmHon or C^I-F application) 
1 hereijy claim iJje benefit under Title 35, United States Code, § 120 of any United States 
application(s) orPCT mteinatioiial applicatioa(s) designating th9 United States of America that 
is/are listed below aad, in3ofar as the subject matter of each of tiie claims of this application b 
not disclosed in the prior appljcatio)a(s) in the manner provided by ftc first paragraph of Title 35, 
United States Code § HZ, I acknowledge the dmy to disclose infonnation as defined in Title 37, 
Code of Federal Kegolaiioiis, Section 1,56 wfuch occurred between the filir^ dale of the prior 



18/04 '02 FR 10:31 FAX 0351 8925 a24 CENTROTHERM: DRESDEN 

18. Apr. im li'^H UPPkHl,SrACHO'^.SCHf/II0TafPARiNER 



Nr.aO/G S. 7/12 



1^007 



BAKERBOnSur 



DECLARATION — Utili^^gcJDesrgn Patent AppHcation 



□)i«Gtiirie«rrB»pond«ne«tQ: ^ Cusiomerl 



21003 




CaUrtfay 



Fax 



IS are ttwi «1««mente mwi» on infbrmaCbn «nd twlef 



^J^aa^ " JS.f*^^^ ■'^^ «t««men» were made viiih tfvi knowledos thai witllU faica ^«Bm«r« M'oi^Bte 9^ 



da^ar» thst «|l atacemenb mads herein of my own knowtedaa 
wi to b« Jfti^ wd further JM ttwM «tot9mer)t» were made 




NAME Of SOLE OR FIRST INVENTOR : 



(fiwi tftd wkkite tif any]) 



□ A petition he* been fifed forthb un^tgivdd hvanlor 




PRESOEN 



GERMAN^: 



Cowfay 



GERMANY 



«a8mg Addraw 



M1217 
ZIP 



Osnmany 
I Country 



^ME OF SECOND INVENTOR: 



A petition has been filed for thl8 unsigned iovgntor 



gUNTER 
(ffrat and middle anyP 



FamHy Nwi# 
cr Surname 



Signature 



DRESDEN 



GERMANY 
Country 



Dote 



GERMANY 



Ksrt-Marx-Slrasse 40 



Orwcfen 



o 



O-01109 
ZIP 



Germany 
Country 




19/04 '02 PR 10:.')2 FAX 0351 8925 624 CENTROTHERM DRESDEN. 

IS.APr. 2002 14:54 llPPERT.STKHOW.SCHMlDTmRTNER ■ : 



iaoo« 

|lr.33?0 S "8/11 ■ 



BAKmBOnSui. 



DECLARATION 



ADDITIOMAt )»IVENTOEl(^ 
Supplemental 



Name ef Addltfdnsl Joint (nventof * if any: 


O ApeiiQont»sbeent})eof6rthl»\jnsi9nedmvenior 


dWtn Name (iirst and middle fif any]} 


FamlV N*tw or Sur«am9 


DIETMAR 


RESCH 




oat. Of/'^^/PZ 


1fl^l3i»incir Clly Stata 


Country V. ' JTlr/? 


GERMANY 
ClBzanshlp 




Ludwig-Kossuth-Strasse 25 
MpiHng Address 


Dresden 




Germany 
23P Country 


Neme of Additional Joint Inventor, If any: 


□ A paiBoA has baen liied for this unvigned inventor 












_ ORESPgNt 


Stata — »4 


GERMANY / If^ Y 


GERMANY 


Aiexander^^efzen-strasse 42 

UaltlnaAddrww 


— f 1 




Dre9det> 




ZIP 


Germany 


Name of Additional JoJnt Inventor, If en 


y- J OA pMtfOfl hM bwn iilBd for (his unsf^ned inventor 


Gweti tUnM ((k«( and m^^dto fif any}) 


Ferpi^ Mem? or Svmaine! 








Date 


Heandenee: 




Countnr 




RMng Address 


MMlfngAdilir«aa 




S(ate 




Courtlrv 



